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— . (57)Abstract: 



PROBLEM TO BE SOLVED: To prevent 
increase in bit error rate and deterioration of 
transmission efficiency due to DC offset and 
carrier leakage. 

SOLUTION: Transmission data is converted into 
a parallel signal by means of a S/P converter 101, 
and is subjected to IFFT by means of an IFFT 
device 102, and then is converted into a serial 
signal by means of a P/S converter 103. The 
OFDM signal is frequency-modulated by a 
frequency modulator 104 so that, out of the 
subcarriers which constitute the OFDM signal, 
those assigned with transmission signals may be 
disposed in other region than a DC component 
generation region. 
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CLAIMS 



[Claim(s)] 

[Claim l]An OFDM sending set comprising: 

A creating means which generates an OFDM signal by carrying out Frequency-Division- 
Multiplexing processing of the sending signal. 

A frequency modulation means which carries out the frequency modulation of the OFDM 
signal so that a subcarrier to which a sending signal was assigned among subcarriers 
which constitute said OFDM signal may be arranged in addition to a dc-component 
generating region. 

[Claim 2] The OFDM sending set according to claim 1, wherein a frequency modulation 
means arranges any one of the subcarriers contained in a guard band of an OFDM signal 
to a dc-component generating region. 

[Claim 3]The OFDM sending set according to claim 1 or 2, wherein a frequency 
modulation means carries out the frequency modulation of the OFDM signal before 
inputting it into analog circuitry. 
[Claim 4]An OFDM receiving set comprising: 

A reception means in which two or more subcarriers receive an OFDM signal by which 
multiplex was carried out from a communications partner. 

A frequency modulation means which carries out the frequency modulation of the OFDM 
signal so that a subcarrier to which a sending signal was assigned among subcarriers 
which constitute said OFDM signal may be arranged in addition to a dc-component 
generating region. 

[Claim 5]An OFDM receiving set comprising: 

A reception means which receives a signal transmitted from the OFDM sending set 
according to any one of claims 1 to 3. 

A frequency modulation means which carries out the frequency modulation of said input 
signal so that a subcarrier to which a sending signal was assigned among subcarriers 
which constitute an input signal which said reception means received may be arranged in 
addition to a dc-component generating region. 

[Claim 6]An OFDM transmission method by which it is carrying-out [ so that a 
subcarrier to which a sending signal was assigned among subcarriers which generate an 
OFDM signal and constitute said OFDM signal by carrying out Frequency-Division- 
Multiplexing processing of the sending signal may be arranged in addition to a dc- 
component generating region ] -frequency modulation of OFDM signal characterized. 
[Claim 7]In the transmitting side, an OFDM signal is generated by carrying out 
Frequency-Division-Multiplexing processing of the sending signal, Carry out the 
frequency modulation of the OFDM signal, and wireless transmission is carried out so 
that a subcarrier to which a sending signal was assigned among subcarriers which 
constitute said OFDM signal may be arranged in addition to a dc-component generating 
region, A wireless communication method carrying out the frequency modulation of said 
input signal so that a subcarrier to which a sending signal was assigned among 
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subcarriers which receive a signal transmitted from the transmitting side and constitute an 
input signal from a receiver may be arranged in addition to a dc-component generating 
region. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the OFDM communication device using 
an OFDM (Orthogonal Frequency Division Multiplexing) method especially about the 
communication apparatus used for a digital mobile communications system. 
[0002] 

[Description of the Prior Art]In performing radio with high access speed, in connection 
with a symbol period becoming short, the influence of a multipath delay wave becomes 
large, and input-signal quality deteriorates. It is effective to perform multi-carrier 
abnormal conditions to degradation of the input-signal quality by this multipath delay 
wave. The OFDM modulation method which carries out package abnormal conditions 
and carries out multiplex [ of the subcarrier which is in two or more orthogonality 
relation using an IFFT (inverse discrete Fourier transform: InverseFast Fourier 
Transform) circuit in multi-carrier abnormal conditions ] is typical. 
[0003]In an OFDM modulation method, since it is superimposed on the DC offset 
generated in the subcarrier arranged at DC in analog circuitry, such as a D/A converter of 
the transmitting side, there is a problem that the bit error rate of a transmission signal 
deteriorates. In analog circuitry, such as an A/D converter in a receiver, this problem is 
produced similarly. The carrier leak which leaks to space etc. occurs, and when distortion 
arises in the subcarrier which the subcarrier which leaked to this space was inputted into 
the quadrature modulation machine, and has been arranged at DC, the problem that the 
bit error rate of a transmission signal deteriorates also has a subcarrier of the high 
frequency which carries out multiplication to a baseband signal. As a definition of term, 
the 0-Hz position of the baseband signal in an OFDM modulation method is called DC. 
[0004]To these problems, the "multi-carrier modulator" is proposed, for example by 
JP,1 1-205 176,A. A device given in above-mentioned JP,1 1-205 176,A avoids the 
influence of the DC offset in analog circuitry, and a carrier leak by not arranging a 
subcarrier to DC. 
[0005] 

[Problem(s) to be Solved by the Invention]In the conventional OFDM modulation 
method, since DC is located in the center (0 Hz) of the frequency band of a baseband 
signal, degradation of the quality by band limit is fewest ingredients, and its transmission 
quality is the best. However, in the OFDM modulation method which does not arrange a 
subcarrier to the conventional DC, since DC is not used for transmission of a signal, there 
is a problem that the transmission efficiency of a signal falls. 
[0006]This invention is made in view of this point, and is a thing. 
It is providing the OFDM sending set and OFDM receiving set which prevent 
degradation of the bit error rate by the purpose and a carrier leak, and degradation of the 
transmission efficiency of a signal. 
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[0007] 

[Means for Solving the Problem]A creating means which generates an OFDM signal 
when an OFDM sending set of this invention carries out Frequency-Division- 
Multiplexing processing of the sending signal, Composition possessing a frequency 
modulation means which carries out the frequency modulation of the OFDM signal so 
that a subcarrier to which a sending signal was assigned among subcarriers which 
constitute said OFDM signal may be arranged in addition to a dc-component generating 
region is taken. 

[0008]Since a subcarrier to which the frequency modulation of the OFDM signal was 
carried out and to which a signal was assigned has been arranged in addition to a dc- 
component generating region according to this composition, a subcarrier to which a 
signal was assigned is not distorted. Therefore, degradation of a bit error rate by DC 
offset and a carrier leak can be prevented. 

[0009]An OFDM sending set of this invention takes composition to which a frequency 
modulation means arranges any one of the subcarriers contained in a guard band of an 
OFDM signal to a dc-component generating region in the above-mentioned OFDM 
sending set. 

[0010]Since according to this composition a subcarrier to which frequency modulation 
was earned out and to which a signal was assigned has been arranged in addition to a dc- 
component generating region before inputting an OFDM signal into analog circuitry, A 
subcarrier to which a signal was assigned depending on DC offset and a carrier leak 
which are generated in analog circuitry is not distorted. Therefore, degradation of a bit 
error rate by DC offset and a carrier leak can be prevented. 
[0011]In the above-mentioned OFDM sending set, an OFDM sending set of this 
invention takes composition which carries out the frequency modulation of the OFDM 
signal, before inputting a frequency modulation means into analog circuitry. 
[0012]Since according to this composition frequency modulation was carried out so that a 
subcarrier contained in a guard band might be arranged to a dc-component generating 
region, a sampling number in the case of a recovery can be stopped few. 
[00 13] A reception means in which, as for an OFDM receiving set of this invention, two 
or more subcarriers receive an OFDM signal by which multiplex was carried out from a 
communications partner, Composition possessing a frequency modulation means which 
carries out the frequency modulation of the OFDM signal so that a subcarrier to which a 
sending signal was assigned among subcarriers which constitute said OFDM signal may 
be arranged in addition to a dc-component generating region is taken. 
[0014]Since a subcarrier to which the frequency modulation of the OFDM signal was 
carried out and to which a signal was assigned has been arranged in addition to a dc- 
component generating region according to this composition, a subcarrier to which a 
signal was assigned is not distorted. Therefore, degradation of a bit error rate by DC 
offset by the side of resin can be prevented. 

[00 15] A reception means which receives a signal with which an OFDM receiving set of 
this invention was transmitted from the above-mentioned OFDM sending set, 
Composition possessing a frequency modulation means which carries out the frequency 
modulation of said input signal so that a subcarrier to which a sending signal was 
assigned among subcarriers which constitute an input signal which said reception means 
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received may be arranged in addition to a dc -component generating region is taken. 
[00 16] According to this composition, while being able to prevent degradation of a bit 
error rate by DC offset and a carrier leak in the transmitting side, degradation of a bit 
error rate by DC offset in a receiver can also be prevented. 

[00 17] An OFDM transmission method of this invention generates an OFDM signal by 
carrying out Frequency-Division-Multiplexing processing of the sending signal, It was 
made to carry out the frequency modulation of the OFDM signal so that a subcarrier to 
which a sending signal was assigned among subcarriers which constitute said OFDM 
signal might be arranged in addition to a dc-component generating region. 
[0018]Since a subcarrier to which the frequency modulation of the OFDM signal was 
carried out and to which a signal was assigned has been arranged in addition to a dc- 
component generating region according to this method, a subcarrier to which a signal was 
assigned is not distorted. Therefore, degradation of a bit error rate by DC offset and a 
carrier leak can be prevented. 

[00 19] A wireless communication method of this invention generates an OFDM signal by 
carrying out Frequency-Division-Multiplexing processing of the sending signal in the 
transmitting side, Carry out the frequency modulation of the OFDM signal, and wireless 
transmission is carried out so that a subcarrier to which a sending signal was assigned 
among subcarriers which constitute said OFDM signal may be arranged in addition to a 
dc-component generating region, A signal transmitted from the transmitting side is 
received, and in a receiver, it was made to carry out the frequency modulation of said 
input signal so that a subcarrier to which a sending signal was assigned among 
subcarriers which constitute an input signal might be arranged in addition to a dc- 
component generating region. 

[0020] According to this method, while being able to prevent degradation of a bit error 
rate by DC offset and a carrier leak in the transmitting side, degradation of a bit error rate 
by DC offset in a receiver can also be prevented. 
[0021] 

[Embodiment of the Invention] Since the OFDM signal with which this invention person 
is generated by Frequency-Division-Multiplexing processing has a fixed frequency band 
(valid symbol zone), It notes that a sending signal is not assigned to the subcarrier 
arranged out of a valid symbol zone, Even if the distortion by DC offset or a carrier leak 
arose in the subcarrier arranged out of this valid symbol zone, a bit error rate and 
transmission efficiency find out not deteriorating, and came to carry out this invention. 
[0022]Namely, the main point of this invention so that the subcarrier to which the 
sending signal was assigned may be arranged in addition to a dc-component generating 
region, That is, it is preventing degradation of the bit error rate by DC offset and a carrier 
leak by carrying out the frequency modulation of the OFDM signal so that the subcarrier 
to which a sending signal was not assigned may be arranged to a dc-component 
generating region. 

[0023]By the way, in the OFDM modulation method, in order to reduce the influence of 
the delayed wave by a multipass, the guard band is provided in the zone which adjoins a 
valid symbol zone. Since a sending signal is not assigned to the subcarrier contained in 
this guard band, even if the frequency position which intersects perpendicularly with the 
signal in an effective band in a guard band is overlapped on a line spectrum, a bit error 
rate does not deteriorate. On the other hand, in order to perform the recovery of an 
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OFDM signal by sampling the signal of the certain area centering on DC, its sampling 
number at the time of getting over, so that the frequency modulation of the subcarrier to 
which the signal was assigned is carried out to a position far from DC increases. 
Therefore, in this invention, the sampling number in the case of a recovery can be 
reduced for the subcarrier to which the sending signal was assigned by the thing of a dc- 
component generating region immediately done for frequency modulation to an outside 
frequency band, and a processing burden can also be eased. This frequency modulation is 
realizable by carrying out frequency modulation so that the subcarrier contained in a 
guard band may be arranged to DC. That is, in this invention, the means which carries out 
the frequency modulation of the baseband signal so that the subcarrier arranged at the 
guard band may be arranged in a dc-component generating region is preferred. 
[0024]In each following embodiment, the example which carries out the frequency 
modulation of the OFDM signal so that the subcarrier contained in a guard band may be 
arranged at DC is explained. 

[0025] (Embodiment 1) Embodiment 1 is an example which prevents degradation of the 
bit error rate by the DC offset and the carrier leak which are added in analog circuitry, 
such as an A/D converter of the transmitting side, and transmission efficiency. 
[00261 Drawing 1 is a block diagram showing the composition of the OFDM sending set 
concerning the embodiment of the invention 1 . Drawing 1 is an example of circuitry in 
the case of using five subcaniers for information transmission. In this figure, an OFDM 
sending set changes send data into a parallel signal with the S/P converter 101, IFFT 
(inverse discrete Fourier transform) processing is carried out with the IFFT machine 102, 
it changes into an in-series signal with the P/S converter 103, frequency modulation is 
carried out with the frequency modulator 104, D / A conversion is carried out with D/A 
converter 105, quadrature modulation is carried out with the quadrature modulation 
machine 106, and it transmits from the antenna 107. The frequency modulator 104 - the 
quadrature modulation machine 106 are explained in full detail behind. The IFFT 
machine 102 arranges the subcarrier which does not assign a sending signal to the zone 
which adjoins the subcarrier which assigns a signal, and forms a guard band while it 
assigns a subcarrier peculiar to the sending signal to the parallel signal outputted from the 
S/P converter 101. 

[0027]As a definition of term, send data is changed into a parallel signal with the S/P 
converter 101, IFFT (inverse discrete Fourier transform) processing is carried out with 
the IFFT machine 102, the processing changed into an in-series signal with the P/S 
converter 103 is summarized, and it is called Frequency-Division-Multiplexing 
processing. The signal to which frequency multiplexing split application was performed 
is called OFDM signal. 

r00281 Drawmg 2 is a block diagram showing the composition of the OFDM sending set 
of drawing 1 , and the OFDM receiving set which performs radio. In this figure, an 
OFDM receiving set carries out orthogonal detection of the input signal received from the 
antenna 201 with the orthogonal detector 202, Analog-to-digital conversion is carried out 
with A/D converter 203, and it changes into a parallel signal with the S/P converter 204, 
and FFT (Fast Fourier Transform) processing is earned out with the FFT machine 205, 
and it changes into an in-series signal with the P/S converter 206, it gets over with the 
demodulator 207, and received data are obtained. 

[0029]Next, operation of the OFDM sending set constituted as mentioned above and an 
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OFDM receiving set is explained. Send data is changed into a parallel signal with the S/P 
converter 101, IFFT processing is carried out with the IFFT machine 102, and it is 
changed into an in- series signal with the P/S converter 103, and is outputted to the 
frequency modulator 104. 

[0030]Here, the DC offset and the carrier leak ingredient which are added to an OFDM 
signal are explained. Drawing 3 is a figure showing the spectrum of an OFDM signal. 
Drawing 3 (a) is a spectrum of the OFDM signal inputted into the frequency modulator 
104, Drawing 3 (b) is a spectrum of the OFDM signal with which DC offset was added in 
D/A converter 105, and the distortion (henceforth a "carrier leak ingredient") by a carrier 
leak was added in the quadrature modulation machine 106. In drawi n g 3 (a), the sending 
signal is assigned to the five subcarriers S1-S5, and these five subcarriers form a valid 
symbol zone. On the other hand, a sending signal is not assigned to the subcarriers S6 and 
S7, but a guard band for S6 and S7 to reduce distortion by a multipass is formed. That is, 
an OFDM signal comprises a guard band which adjoins a valid symbol zone and a valid 
symbol zone. By making 0 Hz (DC) into center frequency, 1 symbol length of a baseband 
signal leaves each subcarrier a reciprocal (=fs) every, and it is arranged. 
[0031]Since each of DC offset and carrier leaks is generated in the 0-Hz neighborhood as 
a definition of term, DC offset and a carrier leak ingredient are collectively called dc 
component. The neighborhood of 0 Hz (DC) is called dc-component generating region in 
the meaning of the frequency domain which a dc component generates. 
[0032]Frequency modulation is carried out in the frequency modulator 104, only 3 fs is 
shifted to the low frequency wave side, the signal shown in drawing 3 (a) is outputted to 
D/A converter 105, and D/A conversion is carried out in D/A converter 105. DC offset 
is added to the subcarrier arranged at DC in the case of this D/A conversion. This 
OFDM signal is outputted to the quadrature modulation machine 106, and the subcarrier 
of high frequency can multiply by it in the quadrature modulation machine 106. 
Distortion (carrier leak ingredient) occurs in the subcarrier arranged at DC of an OFDM 
signal by inputting into the quadrature modulation machine 106 the subcarrier which 
leaked to space etc. Thus, the subcarrier S6 arranged at 3fs is arranged at DC until it is 
inputted into the frequency modulator 104, when only 3 fs is shifted an OFDM signal to 
the low frequency wave side in the frequency modulator 104. Therefore, DC offset and a 
carrier leak ingredient are added to the subcarrier S6 arranged at DC, and the spectrum of 
an OFDM signal comes to be shown in drawing 3 (b). In this case, the subcarriers S1-S5 
to which the signal is assigned are arranged in addition to the dc-component generating 
region. 

[0033]Quadrature modulation of the OFDM signal which has a spectrum shown in this 
drawing 3 (b) is carried out with the quadrature modulation machine 106, and it is 
transmitted from the antenna 107. 

[0034]In an OFDM receiving set, the input signal received from the antenna 201, 
Orthogonal detection is carried out with the orthogonal detector 202, analog-to-digital 
conversion is carried out with A/D converter 203, and it is changed into a parallel signal 
with the S/P converter 204, and FFT processing is carried out with the FFT machine 205, 
and it is changed into an in-series signal with the P/S converter 206, it gets over with the 
demodulator 207, and received data are obtained. In this case, since the position of S6 
which lies at right angles to S1-S5 is overlapped on the dc component and the FFT 
machine 205 can separate it thoroughly, it is uninfluential to S1-S5. 
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[0035]Thus, since according to this embodiment the subcarrier to which the signal was 
assigned by carrying out frequency modulation has been arranged in addition to a dc- 
component generating region before inputting an OFDM signal into the analog circuitry 
of an OFDM sending set, the subcarrier to which the signal was assigned is not distorted. 
Therefore, degradation of the bit error rate by DC offset and a carrier leak can be 
prevented. 

[0036]According to this embodiment, since frequency modulation was carried out so that 
the subcarrier contained in a guard band might be arranged to a dc-component generating 
region, the sampling number in the case of a recovery can be stopped few. 
[0037] (Embodiment 2) Embodiment 2 is an example which prevents degradation of the 
bit error rate by the DC offset added in the analog circuitry of a receiver, and 
transmission efficiency. 

r00381 Drawin g 4 is a block diagram showing the composition of the OFDM sending set 
concerning the embodiment of the invention 2. Drawing 4 is an example of circuitry in 
the case of using five subcaniers for information transmission. In this figure, an OFDM 
sending set changes send data into a parallel signal with the S/P converter 401, IFFT 
(inverse discrete Fourier transform) processing is carried out with the IFFT machine 402, 
it changes into an in-series signal with the P/S converter 403, D / A conversion is carried 
out with D/A converter 404, the multiplication of the subcarrier is carried out by 
quadrature modulation with the quadrature modulation machine 405, and it transmits 
from the antenna 406. The IFFT machine 402 assigns a subcarrier to the parallel signal 
outputted from the S/P converter 401. 

[0039]As a definition of term, send data is changed into a parallel signal with the S/P 
converter 401, IFFT (inverse discrete Fourier transform) processing is carried out with 
the IFFT machine 402, the processing changed into an in-series signal with the P/S 
converter 403 is summarized, and it is called Frequency-Division-Multiplexing 
processing. 

|"00401 Drawing 5 is a block diagram showing the composition of the OFDM sending set 
of drawin g 4, and the OFDM receiving set which performs radio. On this figure and in 
the orthogonal detector 502 an OFDM receiving set, Orthogonal detection of the input 
signal (OFDM signal) received from the antenna 501 is carried out, Carry out frequency 
modulation with the frequency modulator 503, and analog-to-digital conversion is carried 
out with A/D converter 504, It changes into a parallel signal with the S/P converter 505, 
and FFT (Fast Fourier Transform) processing is carried out with the FFT machine 506, 
and it changes into an in-series signal with the P/S converter 507, it gets over with the 
demodulator 508, and received data are obtained. 

[0041]Next, operation of the OFDM sending set constituted as mentioned above and an 
OFDM receiving set is explained. Send data is changed into a parallel signal with the S/P 
converter 401, and IFFT processing is carried out with the IFFT machine 402, It is 
changed into an in-series signal with the P/S converter 403, D/A conversion is carried 
out with D/A converter 404, quadrature modulation carries out the multiplication of the 
subcarrier with the quadrature modulation machine 405, and it is transmitted from the 
antenna 406. 

[0042]In an OFDM receiving set, in the orthogonal detector 502, orthogonal detection of 
the input signal received from the antenna 501 is carried out, and it is outputted to the 
frequency modulator 503. 
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[0043]Here, the DC offset and the carrier leak ingredient which are added to an OFDM 
signal are explained. Drawing 6 is a figure showing the spectrum of an OFDM signal. 
Drawing 6 (a) is a spectrum of the OFDM signal inputted into the frequency modulator 
503, and drawing 6 (b) is a spectrum of the OFDM signal with which DC offset was 
added in A/D converter 504. In drawing 6 (a), the sending signal is assigned to the five 
subcarriers S1-S5, and these five subcarriers form a valid symbol zone. On the other 
hand, a sending signal is not assigned to the subcarriers S6 and S7, but a guard band for 
S6 and S7 to reduce distortion by a multipass is formed. That is, an OFDM signal 
comprises a guard band which adjoins a valid symbol zone and a valid symbol zone. By 
making 0 Hz (DC) into center frequency, 1 symbol length of a baseband signal leaves 
each subcarrier a reciprocal (=fs) every, and it is arranged. 

[0044]Frequency modulation is carried out in the frequency modulator 503, only 3 fs is 
shifted to the low frequency wave side, the signal shown in drawing 6 (a) is outputted to 
A/D converter 504, and analog-to-digital conversion is carried out in A/D converter 504. 
DC offset is added to the subcarrier arranged at DC in the case of this analog-to-digital 
conversion. Thus, the subcarrier S6 arranged at 3fs is arranged at DC until it is inputted 
into the frequency modulator 503, when only 3 fs is shifted an OFDM signal to the low 
frequency wave side in the frequency modulator 503. Therefore, DC offset is added to the 
subcarrier S6 arranged at DC, and the spectrum of an OFDM signal comes to be shown in 
drawing 6 (b). In this case, the subcarriers S 1 -S5 to which the signal is assigned are 
arranged in addition to the dc-component generating region. 

[0045]The OFDM signal which has a spectrum shown in this drawing 6 (b) is changed 
into a parallel signal with the S/P converter 505, and FFT processing is carried out with 
the FFT machine 506, and it is changed into an in-series signal with the P/S converter 
507, it gets over with the demodulator 508, and received data are obtained. 
[0046]Thus, since according to this embodiment the subcarrier to which the signal was 
assigned by carrying out frequency modulation has been arranged in addition to a dc- 
component generating region before inputting an OFDM signal into the analog circuitry 
of an OFDM receiving set, the subcarrier to which the signal was assigned is not 
distorted. Therefore, degradation of the bit error rate by DC offset and a carrier leak can 
be prevented. 

[0047]It can use combining the OFDM sending set concerning the above-mentioned 
Embodiment 1, and the OFDM receiving set concerning Embodiment 2. Namely, the 
OFDM sending set concerning Embodiment 1 an OFDM signal, It transmits, after 
carrying out frequency modulation so that the subcarrier to which the signal was assigned 
may be arranged in addition to a dc-component generating region, After carrying out the 
frequency modulation of the OFDM signal received from the OFDM sending set which 
requires the OFDM receiving set concerning Embodiment 2 for Embodiment 1 so that the 
subcarrier assigned to the signal may be arranged in addition to a dc-component 
generating region, it inputs into analog circuitry and a recovery etc. are processed. 
[0048]Thus, by using combining the OFDM sending set concerning Embodiment 1, and 
the OFDM receiving set concerning Embodiment 2, While being able to prevent 
degradation of the bit error rate by the DC offset and the carrier leak in the transmitting 
side, degradation of the bit error rate by the DC offset in a receiver can also be prevented. 
[0049]Although the case where five subcarriers were contained in a valid symbol zone 
was explained, this invention is not restricted to this but it may be made to contain how 
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many subcarriers in a valid symbol zone in each above-mentioned embodiment according 
to an equipment configuration. Although similarly the case where two subcarriers were 
included in a guard band was explained, it may be made for how many subcarriers to be 
included. 
[0050] 

[Effect of the Invention]As explained above, according to this invention, degradation of 
the bit error rate by DC offset and a carrier leak and degradation of the transmission 
efficiency of a signal can be prevented. 



TECHNICAL FIELD 

[Field of the Invention] This invention relates to the OFDM communication device using 
an OFDM (Orthogonal Frequency Division Multiplexing) method especially about the 
communication apparatus used for a digital mobile communications system. 



PRIOR ART 



[Description of the Prior Art]In performing radio with high access speed, in connection 
with a symbol period becoming short, the influence of a multipath delay wave becomes 
large, and input-signal quality deteriorates. It is effective to perform multi-carrier 
abnormal conditions to degradation of the input-signal quality by this multipath delay 
wave. The OFDM modulation method which carries out package abnormal conditions 
and carries out multiplex [ of the subcarrier which is in two or more orthogonality 
relation using an IFFT (inverse discrete Fourier transform: InverseFast Fourier 
Transform) circuit in multi-carrier abnormal conditions ] is typical. 
[0003]In an OFDM modulation method, since it is superimposed on the DC offset 
generated in the subcarrier arranged at DC in analog circuitry, such as a D/A converter of 
the transmitting side, there is a problem that the bit error rate of a transmission signal 
deteriorates. In analog circuitry, such as an A/D converter in a receiver, this problem is 
produced similarly. The carrier leak which leaks to space etc. occurs, and when distortion 
arises in the subcarrier which the subcarrier which leaked to this space was inputted into 
the quadrature modulation machine, and has been arranged at DC, the problem that the 
bit error rate of a transmission signal deteriorates also has a subcarrier of the high 
frequency which carries out multiplication to a baseband signal. As a definition of term, 
the 0-Hz position of the baseband signal in an OFDM modulation method is called DC. 
[0004]To these problems, the "multi-carrier modulator" is proposed, for example by 
JP,1 1-205 176,A. A device given in above-mentioned JP,1 1-205 176,A avoids the 
influence of the DC offset in analog circuitry, and a carrier leak by not arranging a 
subcarrier to DC. 



EFFECT OF THE INVENTION 
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[Effect of the Invention]As explained above, according to this invention, degradation of 
the bit error rate by DC offset and a carrier leak and degradation of the transmission 
efficiency of a signal can be prevented. 



TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention]In the conventional OFDM modulation 
method, since DC is located in the center (0 Hz) of the frequency band of a baseband 
signal, degradation of the quality by band limit is fewest ingredients, and its transmission 
quality is the best. However, in the OFDM modulation method which does not arrange a 
subcarrier to the conventional DC, since DC is not used for transmission of a signal, there 
is a problem that the transmission efficiency of a signal falls. 
[0006]This invention is made in view of this point, and is a thing. 
It is providing the OFDM sending set and OFDM receiving set which prevent 
degradation of the bit error rate by the purpose and a carrier leak, and degradation of the 
transmission efficiency of a signal. 



MEANS 



[Means for Solving the Problem]A creating means which generates an OFDM signal 
when an OFDM sending set of this invention carries out Frequency-Division- 
Multiplexing processing of the sending signal, Composition possessing a frequency 
modulation means which carries out the frequency modulation of the OFDM signal so 
that a subcarrier to which a sending signal was assigned among subcarriers which 
constitute said OFDM signal may be arranged in addition to a dc-component generating 
region is taken. 

[0008]Since a subcarrier to which the frequency modulation of the OFDM signal was 
carried out and to which a signal was assigned has been arranged in addition to a dc- 
component generating region according to this composition, a subcarrier to which a 
signal was assigned is not distorted. Therefore, degradation of a bit error rate by DC 
offset and a carrier leak can be prevented. 

[0009]An OFDM sending set of this invention takes composition to which a frequency 
modulation means arranges any one of the subcarriers contained in a guard band of an 
OFDM signal to a dc-component generating region in the above-mentioned OFDM 
sending set. 

[0010]Since according to this composition a subcarrier to which frequency modulation 
was carried out and to which a signal was assigned has been arranged in addition to a dc- 
component generating region before inputting an OFDM signal into analog circuitry, A 
subcarrier to which a signal was assigned depending on DC offset and a carrier leak 
which are generated in analog circuitry is not distorted. Therefore, degradation of a bit 
error rate by DC offset and a carrier leak can be prevented. 
[0011]In the above-mentioned OFDM sending set, an OFDM sending set of this 
invention takes composition which carries out the frequency modulation of the OFDM 
signal, before inputting a frequency modulation means into analog circuitry. 
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[0012]Since according to this composition frequency modulation was carried out so that a 
subcarrier contained in a guard band might be arranged to a dc-component generating 
region, a sampling number in the case of a recovery can be stopped few. 
[00 13] A reception means in which, as for an OFDM receiving set of this invention, two 
or more subcarriers receive an OFDM signal by which multiplex was carried out from a 
communications partner, Composition possessing a frequency modulation means which 
carries out the frequency modulation of the OFDM signal so that a subcarrier to which a 
sending signal was assigned among subcarriers which constitute said OFDM signal may 
be arranged in addition to a dc-component generating region is taken. 
[0014]Since a subcarrier to which the frequency modulation of the OFDM signal was 
carried out and to which a signal was assigned has been arranged in addition to a dc- 
component generating region according to this composition, a subcarrier to which a 
signal was assigned is not distorted. Therefore, degradation of a bit error rate by DC 
offset by the side of resin can be prevented. 

[00 15] A reception means which receives a signal with which an OFDM receiving set of 
this invention was transmitted from the above-mentioned OFDM sending set, 
Composition possessing a frequency modulation means which carries out the frequency 
modulation of said input signal so that a subcarrier to which a sending signal was 
assigned among subcarriers which constitute an input signal which said reception means 
received may be arranged in addition to a dc-component generating region is taken. 
[00 16] According to this composition, while being able to prevent degradation of a bit 
error rate by DC offset and a carrier leak in the transmitting side, degradation of a bit 
error rate by DC offset in a receiver can also be prevented. 

[00 17] An OFDM transmission method of this invention generates an OFDM signal by 
carrying out Frequency-Division-Multiplexing processing of the sending signal, It was 
made to carry out the frequency modulation of the OFDM signal so that a subcarrier to 
which a sending signal was assigned among subcarriers which constitute said OFDM 
signal might be arranged in addition to a dc-component generating region. 
[0018]Since a subcarrier to which the frequency modulation of the OFDM signal was 
carried out and to which a signal was assigned has been arranged in addition to a dc- 
component generating region according to this method, a subcarrier to which a signal was 
assigned is not distorted. Therefore, degradation of a bit error rate by DC offset and a 
carrier leak can be prevented. 

[00 19] A wireless communication method of this invention generates an OFDM signal by 
carrying out Frequency-Division-Multiplexing processing of the sending signal in the 
transmitting side, Carry out the frequency modulation of the OFDM signal, and wireless 
transmission is carried out so that a subcarrier to which a sending signal was assigned 
among subcarriers which constitute said OFDM signal may be arranged in addition to a 
dc-component generating region, A signal transmitted from the transmitting side is 
received, and in a receiver, it was made to carry out the frequency modulation of said 
input signal so that a subcarrier to which a sending signal was assigned among 
subcarriers which constitute an input signal might be arranged in addition to a dc- 
component generating region. 

[0020]According to this method, while being able to prevent degradation of a bit error 
rate by DC offset and a carrier leak in the transmitting side, degradation of a bit error rate 
by DC offset in a receiver can also be prevented. 
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[0021] 

[Embodiment of the Invention] Since the OFDM signal with which this invention person 
is generated by Frequency-Division-Multiplexing processing has a fixed frequency band 
(valid symbol zone), It notes that a sending signal is not assigned to the subcarrier 
arranged out of a valid symbol zone, Even if the distortion by DC offset or a carrier leak 
arose in the subcarrier arranged out of this valid symbol zone, a bit error rate and 
transmission efficiency find out not deteriorating, and came to carry out this invention. 
[0022]Namely, the main point of this invention so that the subcarrier to which the 
sending signal was assigned may be arranged in addition to a dc-component generating 
region, That is, it is preventing degradation of the bit error rate by DC offset and a carrier 
leak by carrying out the frequency modulation of the OFDM signal so that the subcarrier 
to which a sending signal was not assigned may be arranged to a dc-component 
generating region. 

[0023]By the way, in the OFDM modulation method, in order to reduce the influence of 
the delayed wave by a multipass, the guard band is provided in the zone which adjoins a 
valid symbol zone. Since a sending signal is not assigned to the subcarrier contained in 
this guard band, even if the frequency position which intersects perpendicularly with the 
signal in an effective band in a guard band is overlapped on a line spectrum, a bit error 
rate does not deteriorate. On the other hand, in order to perform the recovery of an 
OFDM signal by sampling the signal of the certain area centering on DC, its sampling 
number at the time of getting over, so that the frequency modulation of the subcarrier to 
which the signal was assigned is carried out to a position far from DC increases. 
Therefore, in this invention, the sampling number in the case of a recovery can be 
reduced for the subcarrier to which the sending signal was assigned by the thing of a dc- 
component generating region immediately done for frequency modulation to an outside 
frequency band, and a processing burden can also be eased. This frequency modulation is 
realizable by carrying out frequency modulation so that the subcarrier contained in a 
guard band may be arranged to DC. That is, in this invention, the means which carries out 
the frequency modulation of the baseband signal so that the subcarrier arranged at the 
guard band may be arranged in a dc-component generating region is preferred. 
[0024]In each following embodiment, the example which carries out the frequency 
modulation of the OFDM signal so that the subcarrier contained in a guard band may be 
arranged at DC is explained. 

[0025] (Embodiment 1) Embodiment 1 is an example which prevents degradation of the 
bit error rate by the DC offset and the carrier leak which are added in analog circuitry, 
such as an A/D converter of the transmitting side, and transmission efficiency. 
[0026] Drawing I is a block diagram showing the composition of the OFDM sending set 
concerning the embodiment of the invention 1. Drawing 1 is an example of circuitry in 
the case of using five subcarriers for information transmission. In this figure, an OFDM 
sending set changes send data into a parallel signal with the S/P converter 101, IFFT 
(inverse discrete Fourier transform) processing is carried out with the IFFT machine 102, 
it changes into an in-series signal with the P/S converter 103, frequency modulation is 
carried out with the frequency modulator 104, D / A conversion is carried out with D/A 
converter 105, quadrature modulation is carried out with the quadrature modulation 
machine 106, and it transmits from the antenna 107. The frequency modulator 104 - the 
quadrature modulation machine 106 are explained in full detail behind. The IFFT 
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machine 102 arranges the subcarrier which does not assign a sending signal to the zone 
which adjoins the subcarrier which assigns a signal, and forms a guard band while it 
assigns a subcarrier peculiar to the sending signal to the parallel signal outputted from the 
S/P converter 101. 

[0027]As a definition of term, send data is changed into a parallel signal with the S/P 
converter 101, IFFT (inverse discrete Fourier transform) processing is carried out with 
the IFFT machine 102, the processing changed into an in-series signal with the P/S 
converter 103 is summarized, and it is called Frequency-Division-Multiplexing 
processing. The signal to which frequency multiplexing split application was performed 
is called OFDM signal. 

r00281 Drawing 2 is a block diagram showing the composition of the OFDM sending set 
of drawing 1 , and the OFDM receiving set which performs radio. In this figure, an 
OFDM receiving set carries out orthogonal detection of the input signal received from the 
antenna 201 with the orthogonal detector 202, Analog-to-digital conversion is carried out 
with A/D converter 203, and it changes into a parallel signal with the S/P converter 204, 
and FFT (Fast Fourier Transform) processing is carried out with the FFT machine 205, 
and it changes into an in-series signal with the P/S converter 206, it gets over with the 
demodulator 207, and received data are obtained. 

[0029]Next, operation of the OFDM sending set constituted as mentioned above and an 
OFDM receiving set is explained. Send data is changed into a parallel signal with the S/P 
converter 101, IFFT processing is carried out with the IFFT machine 102, and it is 
changed into an in-series signal with the P/S converter 103, and is outputted to the 
frequency modulator 104. 

[0030]Here, the DC offset and the carrier leak ingredient which are added to an OFDM 
signal are explained. Drawing 3 is a figure showing the spectrum of an OFDM signal. 
Drawing 3 (a) is a spectrum of the OFDM signal inputted into the frequency modulator 
104, Drawing 3 (b) is a spectrum of the OFDM signal with which DC offset was added in 
D/A converter 105, and the distortion (henceforth a "carrier leak ingredient") by a carrier 
leak was added in the quadrature modulation machine 106. In drawj_no._3..(a), the sending 
signal is assigned to the five subcarriers S1-S5, and these five subcarriers form a valid 
symbol zone. On the other hand, a sending signal is not assigned to the subcarriers S6 and 
S7, but a guard band for S6 and S7 to reduce distortion by a multipass is formed. That is, 
an OFDM signal comprises a guard band which adjoins a valid symbol zone and a valid 
symbol zone. By making 0 Hz (DC) into center frequency, 1 symbol length of a baseband 
signal leaves each subcarrier a reciprocal (=fs) every, and it is arranged. 
[0031]Since each of DC offset and carrier leaks is generated in the 0-Hz neighborhood as 
a definition of term, DC offset and a carrier leak ingredient are collectively called dc 
component. The neighborhood of 0 Hz (DC) is called dc-component generating region in 
the meaning of the frequency domain which a dc component generates. 
[0032]Frequency modulation is carried out in the frequency modulator 104, only 3 fs is 
shifted to the low frequency wave side, the signal shown in drawing 3 (a) is outputted to 
D/A converter 105, and D/A conversion is carried out in D/A converter 105. DC offset 
is added to the subcarrier arranged at DC in the case of this D/A conversion. This 
OFDM signal is outputted to the quadrature modulation machine 106, and the subcarrier 
of high frequency can multiply by it in the quadrature modulation machine 106. 
Distortion (carrier leak ingredient) occurs in the subcarrier arranged at DC of an OFDM 
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signal by inputting into the quadrature modulation machine 106 the subcarrier which 
leaked to space etc. Thus, the subcarrier S6 arranged at 3fs is arranged at DC until it is 
inputted into the frequency modulator 104, when only 3 fs is shifted an OFDM signal to 
the low frequency wave side in the frequency modulator 104. Therefore, DC offset and a 
carrier leak ingredient are added to the subcarrier S6 arranged at DC, and the spectrum of 
an OFDM signal comes to be shown in drawing 3 (b). In this case, the subcarriers S1-S5 
to which the signal is assigned are arranged in addition to the dc-component generating 
region. 

[0033]Quadrature modulation of the OFDM signal which has a spectrum shown in this 
■JV ■! '\ 3_(b) is carried out with the quadrature modulation machine 106, and it is 
transmitted from the antenna 107. 

[0034]In an OFDM receiving set, the input signal received from the antenna 201, 
Orthogonal detection is carried out with the orthogonal detector 202, analog-to-digital 
conversion is carried out with A/D converter 203, and it is changed into a parallel signal 
with the S/P converter 204, and FFT processing is carried out with the FFT machine 205, 
and it is changed into an in-series signal with the P/S converter 206, it gets over with the 
demodulator 207, and received data are obtained. In this case, since the position of S6 
which lies at right angles to S 1-S5 is overlapped on the dc component and the FFT 
machine 205 can separate it thoroughly, it is uninfluential to S1-S5. 
[0035]Thus, since according to this embodiment the subcarrier to which the signal was 
assigned by carrying out frequency modulation has been arranged in addition to a dc- 
component generating region before inputting an OFDM signal into the analog circuitry 
of an OFDM sending set, the subcarrier to which the signal was assigned is not distorted. 
Therefore, degradation of the bit error rate by DC offset and a carrier leak can be 
prevented. 

[0036]According to this embodiment, since frequency modulation was carried out so that 
the subcarrier contained in a guard band might be arranged to a dc-component generating 
region, the sampling number in the case of a recovery can be stopped few. 
[0037] (Embodiment 2) Embodiment 2 is an example which prevents degradation of the 
bit error rate by the DC offset added in the analog circuitry of a receiver, and 
transmission efficiency. 

r00381 Drawing 4 is a block diagram showing the composition of the OFDM sending set 
concerning the embodiment of the invention 2. Drawing 4 is an example of circuitry in 
the case of using five subcarriers for information transmission. In this figure, an OFDM 
sending set changes send data into a parallel signal with the S/P converter 401, IFFT 
(inverse discrete Fourier transform) processing is carried out with the IFFT machine 402, 
it changes into an in-series signal with the P/S converter 403, D / A conversion is carried 
out with D/A converter 404, the multiplication of the subcarrier is carried out by 
quadrature modulation with the quadrature modulation machine 405, and it transmits 
from the antenna 406. The IFFT machine 402 assigns a subcarrier to the parallel signal 
outputted from the S/P converter 40 1 . 

[0039]As a definition of term, send data is changed into a parallel signal with the S/P 
converter 401, IFFT (inverse discrete Fourier transform) processing is carried out with 
the IFFT machine 402, the processing changed into an in-series signal with the P/S 
converter 403 is summarized, and it is called Frequency-Division-Multiplexing 
processing. 
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r00401 Drawing 5 is a block diagram showing the composition of the OFDM sending set 
of drawing 4 , and the OFDM receiving set which performs radio. On this figure and in 
the orthogonal detector 502 an OFDM receiving set, Orthogonal detection of the input 
signal (OFDM signal) received from the antenna 501 is carried out, Carry out frequency 
modulation with the frequency modulator 503, and analog-to-digital conversion is carried 
out with A/D converter 504, It changes into a parallel signal with the S/P converter 505, 
and FFT (Fast Fourier Transform) processing is carried out with the FFT machine 506, 
and it changes into an in-series signal with the P/S converter 507, it gets over with the 
demodulator 508, and received data are obtained. 

[0041]Next, operation of the OFDM sending set constituted as mentioned above and an 
OFDM receiving set is explained. Send data is changed into a parallel signal with the S/P 
converter 401, and IFFT processing is carried out with the IFFT machine 402, It is 
changed into an in-series signal with the P/S converter 403, D / A conversion is carried 
out with D/A converter 404, quadrature modulation carries out the multiplication of the 
subcarrier with the quadrature modulation machine 405, and it is transmitted from the 
antenna 406. 

[0042]In an OFDM receiving set, in the orthogonal detector 502, orthogonal detection of 
the input signal received from the antenna 501 is earned out, and it is outputted to the 
frequency modulator 503. 

[0043]Here, the DC offset and the carrier leak ingredient which are added to an OFDM 
signal are explained. Draw ing 6 is a figure showing the spectrum of an OFDM signal. 
Drawing 6 (a) is a spectrum of the OFDM signal inputted into the frequency modulator 
503, and drawing 6 (b) is a spectrum of the OFDM signal with which DC offset was 
added in A/D converter 504. In drawing 6 (a), the sending signal is assigned to the five 
subcarriers S1-S5, and these five subcarriers form a valid symbol zone. On the other 
hand, a sending signal is not assigned to the subcarriers S6 and S7, but a guard band for 
S6 and S7 to reduce distortion by a multipass is formed. That is, an OFDM signal 
comprises a guard band which adjoins a valid symbol zone and a valid symbol zone. By 
making 0 Hz (DC) into center frequency, 1 symbol length of a baseband signal leaves 
each subcarrier a reciprocal (=fs) every, and it is arranged. 

[0044]Frequency modulation is carried out in the frequency modulator 503, only 3 fs is 
shifted to the low frequency wave side, the signal shown in drawing 6 (a) is outputted to 
A/D converter 504, and analog-to-digital conversion is carried out in A/D converter 504. 
DC offset is added to the subcarrier arranged at DC in the case of this analog-to-digital 
conversion. Thus, the subcarrier S6 arranged at 3fs is arranged at DC until it is inputted 
into the frequency modulator 503, when only 3 fs is shifted an OFDM signal to the low 
frequency wave side in the frequency modulator 503. Therefore, DC offset is added to the 
subcarrier S6 arranged at DC, and the spectrum of an OFDM signal comes to be shown in 
drawing 6 (b). In this case, the subcarriers S1-S5 to which the signal is assigned are 
arranged in addition to the dc-component generating region. 

[0045]The OFDM signal which has a spectrum shown in this drawing 6 (b) is changed 
into a parallel signal with the S/P converter 505, and FFT processing is carried out with 
the FFT machine 506, and it is changed into an in-series signal with the P/S converter 
507, it gets over with the demodulator 508, and received data are obtained. 
[0046]Thus, since according to this embodiment the subcarrier to which the signal was 
assigned by carrying out frequency modulation has been arranged in addition to a dc- 
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component generating region before inputting an OFDM signal into the analog circuitry 
of an OFDM receiving set, the subcarrier to which the signal was assigned is not 
distorted. Therefore, degradation of the bit error rate by DC offset and a carrier leak can 
be prevented. 

[0047]It can use combining the OFDM sending set concerning the above-mentioned 
Embodiment 1, and the OFDM receiving set concerning Embodiment 2. Namely, the 
OFDM sending set concerning Embodiment 1 an OFDM signal, It transmits, after 
carrying out frequency modulation so that the subcarrier to which the signal was assigned 
may be arranged in addition to a dc-component generating region, After carrying out the 
frequency modulation of the OFDM signal received from the OFDM sending set which 
requires the OFDM receiving set concerning Embodiment 2 for Embodiment 1 so that the 
subcarrier assigned to the signal may be arranged in addition to a dc-component 
generating region, it inputs into analog circuitry and a recovery etc. are processed. 
[0048]Thus, by using combining the OFDM sending set concerning Embodiment 1, and 
the OFDM receiving set concerning Embodiment 2, While being able to prevent 
degradation of the bit error rate by the DC offset and the carrier leak in the transmitting 
side, degradation of the bit error rate by the DC offset in a receiver can also be prevented. 
[0049]Although the case where five subcarriers were contained in a valid symbol zone 
was explained, this invention is not restricted to this but it may be made to contain how 
many subcarriers in a valid symbol zone in each above-mentioned embodiment according 
to an equipment configuration. Although similarly the case where two subcarriers were 
included in a guard band was explained, it may be made for how many subcarriers to be 
included. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 The block diagram showing the composition of the OFDM sending set 
concerning the embodiment of the invention 1 

[Dr m in g 2]The block diagram showing the composition of the OFDM sending set 
concerning the embodiment of the invention 1, and the OFDM receiving set which 
performs radio 

[ Drawing 31 The figure showing the spectrum of an OFDM signal 

[Drawing 41 The block diagram showing the composition of the OFDM sending set 

concerning the embodiment of the invention 2 

[Drawing 51 The block diagram showing the composition of the OFDM sending set 
concerning the embodiment of the invention 2, and the OFDM receiving set which 
performs radio 

[Drawing 61 The figure showing the spectrum of an OFDM signal 

[Description of Notations] 

102, a 402 IFFT machine 

104 and 503 Frequency modulator 

105, 404 D/A converters 

106 and 405 Quadrature modulation machine 

203, 504 A/D converters 
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205, a 506 FFT machine 
207 and 508 Demodulator 



[Drawing 11 
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DMS!|s|^T14, ff^-TjfeiMtD C ^ffiffl L^rV^ 

[00 0 6] «»5A|;fWrfllH»t 
& y , D C jJ-7-fe .y hftV^-v y T y t ± S f.y h 
^0^)^lbSt e f5^^)fc)I^W^fb2r|S5±-<r-^ of 

d wmmmimo f d M^tgss tsflw & - 1 s a 
40 wt-fs, 

[0007] 

[iSS^ftl^S /i^<7)¥!5] *m<7>0 F D M3Iff g 

m±. mmm^*mmdffl&n>xmt& z 1 1 x y o 

FDMff^^^t-|.±^Sfc. ffilEOFDMff^^ 

y tco 3 ^Mftfi^^fij y ttut 
^7^f ^ y r &iSM]g*f6±fiii^htieat-£ i 3 1 
ofd Mfi-§-^ji«^iit-i.jf «^iti^st . s m 

[0008] zcommzXtHi. OFDMff-^^Jlj^S: 

50 mitx , mmm\ 0 iT ^^-9-7"^^ y t^«se« 
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^m.mmamzsMLtz<ox\ mwm o st £>ft£ 

»t** J rV7V — 7liZi.Z>t:-y bl^D sp^flM <'- 
k# i T"#l>„ 

[00 09] *fffl«0 F D Mi^flgStt, ±fBO F D 
MitfiSg £*3 V rc , JH^ft^M^a^ , OFD Mfi^ 

[0 0 10] dOffil^fcifttf. OFDMfi-Sf&T^n 
^HIKtA^-r S m tJf feScSM LT , fi^'M 0 ST 

t>iuz*rzr** y Tttt^jWMmw-EEL/; 

«T\ r-to^IlIffittiViT^i-SDC*7-b>y bR 
u T U i o Tiiff #^fiJ 0 ST t>tLkV7 

* * U 7 U - 7 £ J: S t" -y b f£ 0 ft * m <Z k ifi 

T"# * . 

[0011] *fffl«0 F D MMflSSii:. ±EO F D 
lzAJlt& ft O F D Mft -t £fflaj9K£IH-£ffi J&£» 

-So 

[0 0 12] ^co»cj:fti£ s tf-V^>nz*£tii 

y r*aawt4«fii««t:EaK-* =t 3 tja 
smmucw, nn^it^yT-y y^msr^< 

[0013] *wmo f d Mgfiiggte, 

* + u rmmziifz ofd Mft 

y 7<jd -5 fejMfift^'fj 0 is#ut-9-^-v y r £S 
ao«4J^««EWfcEaK-«i J; 3 l/ZO F DMfl-^^Jl 

[0014] z^mmz^mi, ofd wuf-^jgags 

^H^fflWhtBSSL^^T". m^T&sffl 9 ST feftfc 

T# h . 

[0015] *%0J!«O F D MgflSgii, ±fEO F D 

MMiitg^^fI$ft^di#£Sfi«Sfi^©k . 
luiBgff m&^ft Ltzmt m ^m^th^y* * y 
7ct) 3 ^sfift ^^fij 0 st hixt^fy^ y its 
js^^«iJ^tE»rs i 3 fcMiKW5-2« 

[0 0 16] ifiOflffRtCiiltf, SftflJfcfctt&DC^ 
7^r >y h&tf y 7 'J fc i S t" -y Mft mcO^t 

fcB&c; t tfx*% itthiz^ %immzmz> Doty 

-tr-y b t: J; l> b"-y MM y *7)MJ HK'i k iT'S S . 
[0017] *^H^coo F D MBft?J&«±, iIftm-^& 

j^saya-ts c: k t «t o o f d mm^^M 

L, fflBOFDMff-t&Sjt-f-&-9-7''df^yT«-5* ) 3M 
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lift 0 ST W^7"^ y T&tt^fS^^I 
Whtffig-T a i. o to F D Mff ^^Jf 'Mr. 

[00 18] OFDMfi^JIiSIt 
^ULT . fi^'M 0 ST t>ttiZV7'** 'J TSrtt^JS 

ty^-r'JT^iil^ Uc^'-oT. DC^-7-tr-yb 

-v y r y - ? t i f »/ ms d & m <* ^ 

t^'T#^ 0 

10 [0019] *!»*i|jifi}ji£t±. iSfffflO-cti. iM 
Mft ^&Jf i 1 1 i 0 o F D Mft 

^4^t. mfE0FDMm^^ii^i>^7'= j f^yr 

(?) 5 *>ilffiff ^'M 15 ST t,tvfcV7*v 'J ESEBS 
4ME±fS«J3W{cE{rr-5 J: 3 1 0 F D Mff m. 

tdm^a 1 . mim^ms&t^y^^v r<n o 
h&mmmv) 4t u-^r:/^^ ')r^^m 

20 [0020] xtui. maMfcwir& d c^r 
7-t -y h sy^ y r y - ^ t x & f -y mm 0 

^|5S<"i t ^'TS 6 k k «, SftMfcfcttS D C^7 

-b-y bt: J itv hi^y*^ft*K<- k 4. 

[00 2 1] 

S&^y^#«) &WL-Cv^fc«), 

?htE«§ tuw?* t- y r tfiiSfift-^^S'j 9 st ^ 

k t»B i^a^y^V^^htEB^ 
30 a^7"^f-vyrt=DC3j-7-fe-y h^f+UTU-^fc: 

j; s 1 t & f -y mm 0 ^mffcrnimtmt 1 

[0022] i-%hh. *%ej?«'B^(±. mmmtm 
0 st ^afcify^^ y r ^iss^wi^M=E 

STI> ± 3 t"^^. Sftfi^IiJ 0 ST feii5r*> 

->t?t7* ^ y r s-sii&sfl'&tffijgKKa-rs 1 3 1 

OFDMfi-f^JlMMa-tli^ttJiy, DC^-7-fe 

-y b rv* -v y r y - ^ t ± * f -x b ia 0 i«j h? 

<-kT*l> 0 

40 [00 2 3] k^T. OFDM^iMtfcl^fi, 
v/Pf-y « t J: 5 & ^at" 5 ft ^ 

y^^tHS-r-S^JSt^- b'A'y b'^fgft^T 
v ^ . d <MJ- b A> b* t# * ft S -9-7"^f ^ 'J Tt(i}M 

mm-^^S'j 9 st ^ft^v^ft, b^> b^^Tir 

M§liTth'7MD*iiML^\ ^ OFD 

Mft^aiKiD c sr *^k L^-7E««<7)ff 
7°y y^LTff3 fc*>, m-^ww 9 st feft^-9-7"^-^ 
y th-;d c *^»v ^{t(cjf{^^w§fts imam? 
50 s|g<7)^y7°yy^ic^mii»o Lfc^of+^BtiJ 
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wm. mmmmm y st £>*i*w** y rzmn 

y V iz # £ til -9" 7* -v U 7 £ D C £E*$" & i a fcJS 

«^ii-ri> - k i y & £ t & . -ts* 

^ ij r^'[Sii)3g^^®litffiB§3fx|. =fc 3 (c^-x 

[0024] ttT<v&mmmmizm^zt,i, fa 
y vizitttih??** y t#d c tgea^fi-s i a t 
o f d mimmmmm-tm^^xmmth . 
[oo25] ( mmmm i ) mmmm i »±, atfiif 

«A/D^MP§^7T-n?''»TM3& D C >y 
h &y ^ ^ 'J 7 U - ? t J: I. h" -/ b |S 0 

[ 0 0 2 6 ] 0 Hi. 1 fcflte O F 

D MjMm§Sg«8«£^-f 7'u v ? .illi, 

<\mmmz5^coi-7-*^ y r^ffl^i>«^0fsajs 

MT"fel>„ £<Z>0KtiVVC, OFDMiSft^Kfi. iSft 
T - * £ S / P $&m 1 0 1 TMMt # tSSft L, IF 
FTS1 0 2tl FFT (iEHtK7-yx3EBl) ®S 

MSI 0 4 TJUS&IM L , D /PM% 1 0 5 T'r * 
■ H30SHiKBl 0 6TH3&I1 

U 7>t71 o 7A»fejSffrrs. MMI&1 0 4 
-HtSSSffiB 1 0 6 fcol ^T (jtatPSfctS .OS, I 
FFT^10 2i±, S/P^ftSSl 0 1 .kiJiJMjSftfc 
M?iJfi-f-^tTf U 7£ 

M 0 ST § fc fc K . fl-^-SrS'J 0 3TS T 7'^ U 7(c 

[00 27] LT, SflT-^^S/P^ 

an i o i Ti^m^tsm u if f th i o 2 t i 

FFT (Sffl7-yxM)»lU P/SSmtll 
^■SrOFDMfl-^-tV^o 

[0028] H2{i;, micooFDMmmmmtmm 

m \ r 1 ' 1 1 • l Hi 5f^K<Dlfj££*t7'a •/ 7 0T$> 
S. i^StfcUT, OFDMgfI§gg{i, 7yft2 
0 l^SftLtSffff^«3^Mff2 0 
j&U A/D^Jt^2 0 3mn^ ■ f^'^^i 
U S/PgEM§2 0 4T^ijm^M!IU FFTg 
2 0 5TFFT (Fast Fourier Transform) %ML. P 

/ s 206 rmmmz^m i . mm% 2 0 1 ? 

[0 0 2 9] mz, V±C0£5tZffi$,ZtlfzOFDMm 

mmw&vo f d M%mm0mfefc^xmit& . 
iiff r - ^ « , s / p 1 0 1 -emm^mtz 



tl. I FFTfl 0 2TI FFT^a^tl. P/S^M 

H 1 0 3 rtt?Ml^g«£*iTjf 1 0 4 1 

[00 3 0] ii-C, OFDMi^CftjDS^DCt 

7^7 ha^^ury-^^^^Tirat-^. fj 

3(i. OFDM^-f^X^h/WS^-rH-C^S. 113 
( a ) &ffi «^HS 1 0 4 tA7J§ix£ O F D Mff# 
W^^h^tftO, E3 (b)(±D/A«10 5 
l:fcutDC^7t 7 h^'#SP$tl, E^liSl 0 6 
10 ti3VW-v'JTU-^tJ:S^ (JJIT. rdf^UT 

7Yivzhh„ H3 (a) tis^-c. m!m&*>r><r> 

^ t7"^r^'J7S6ayS7 tiiiMffiff D ST 

, s 6Rvs7tf^)Vi-^x[z£hmfrzmm- 

&l3tMif-WsY*W&L~t&. -ftchh, OFDM 

m-tti, ^Wsyxmmm^syrs^mwm 
-ti 77 - k n> k frt, ait s ixi> . m?* ^ u r \t 0 

20 Hz (DC) fctftftjasafti: tT . ^-XH'y Fft-t«0 

1 ^y^/i^oags: ( = f s ) •f~>wxxmw$iix^ 

[003 1 ] fflll^£*htT, DC^-7-fe-yha^ 

^ u r y - 9 \t\ vfix i> 0 h z c7)»=fS£-f & «t\ 

*t . £fz. 0Hz (DC) Ojfiff^ ttS^*^ 
[ 0 0 3 2 ] 03 ( a ) fcjjttm-fti, Mlfeii^fiS 1 

30 04 tcfe v ->t jf «^ms ^t 3 f s ^(tfifflawt y 

Ssl 0 5tftVrC7M y'^^ ■ T7-a^mS^§ 0 i 
car-rS^/P ■ T+n^^^tDC^Eg^^T 
7"^f + 'J T t D C ^ 7 -fe -y b jWfln ^tl^o iWOFD 
M^±E^£PS1 0 6tEiJ^$<X, 0 

tSfut*iMifc& s it3^iS 1 0 6 1 A7J Ztl&ZtlZ 
O F D M fl-^CO D C (Cgg § ft£-+J-7*df ^ y T ^ 

40 O F D Mfg-^^M^m^Sfn 1 0 4 fcfc UT 3 f s tSf 

immmz y ? h tstvkmtz. ji 1 o a ma 

*5*l5*T3 f stEg^ixTl^-t77"df-^yrS6 
**DCtSjt§*l4. L^'^T. DCt7-fe7FW 

^ y r y - ? t d c iznm § ix^^7'^ u r s 

6t#JH$ixT. OFDMff^<7)X^.^b;m03 
(b) t^i-J:-5t:=5:S. fl^'S'JOST^ 
tCZ^W?** 'J7S1-S5I1 KSSaSi^^JS 
J3htEg§tiTV^ 5 

[0033] L\aM3 ( b ) [Z^tX^ hJV^tl 

so o f d m mvWyi-mm 1 o 6 tbs^m s tiT r > 
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[0034] o f DM^m»m, rvT-fi 0 1 
^ULtzsmmm, m^mk^2 o 2xm^m 

ti. A/D$&ffi2 0 3T7i- ■ r^J9)V^m^ 
*U S/P^S2 0 4T-M?iJfl^«Ji§ifx, F FT 
S2 0 5T"FFT£PI£tu P/S^ftjS2 0 6-Ctt5!l 
ff#(^*i$fU flilS2 0 7Tl«li$tLTSflT-^ 
a*f*fc*b&. ico*&, HaWt4H4Sl~S5fcil3£L 
TU|,S6«fiStS#$fLT^T, FFT«2 0 5t 
j^T^fc^T'^STC, S 1~S SfcfcfLTlNi 

[00 3 5] i«i a fc. OF 

D Mft#£ O F D Milff Sa^T^O^" HffitA^-tS 
MtJ^SSEiff l> i 1 1 J: 0 . fi^t'J 0 ST htttz 
'J T^ESfig*f6^IiSt^h^ES L£«T\ 

mmmw st &*i*rtw* u ra*s*&^. tJta* 

•jT. DC^7-fe ■/ h&iMf * y r y-? j; £ f >y h 
[00 36] *mmmMTl±, #-KA> Vi-frti, 

h*r?*\ y Tit mm^^mmm&ti x a m 
[0037] (mm<DBM2 ) mmmm2i±. &ma 

[ 0 0 3 8 ] 04 ii, *«BH«§atO»JB2 fcffiS O F 
DM£f|gB«££*if-7'n<y?0T'l>£. 04 (±, 

MTfcl.. <I?)0tfcUT, OFDMiIfi^S(4. lift 

r - * £ s / p 4 o i xmrn^- tssi u i f 

FT»402tIFFT( itilf f&7 - 'J X'MH ) SSa 

Mt?4 o 4 T'T -f ■ T-fvrmL. \g.i&zmm 

4 o STifcMt i D*S^SS:LTryr^4 o 

6A»&SSfitS. IFFT^4 0 2ii, S/P^ 

o i i ^ASfifciMl^tt 7>^yr£»j 

03T£„ 

[0039] tr. mit-^^s/p^ 

«S4 0 1 T'MMfl^^t U IFF T#j?4 0 2 T" I 
FFT (SIt7~'JlM) JUL, P/S^MI4 

[0 04 0] 05(4, m4CDOFDMmi$iWkmW.m 
mSrtf 3 O F D MSft«OftJ&£^-f 7"o •/ ? 0T*J> 
>I«0tfc^T, OFDMgff^Sii:, ESSIES 

5 0 2fcfeWt, r^ft 5 0 l^gflLTtSflfl^- 
(OFDMff-^) £13e«<i£U Jfi&IKffflS 5 0 3 T* 
JM^fSU A/D^mm5 04TTi-ay -riV 
*iVS3k U s/P 5 0 5 ■CMflHI-tfcSEBl L . 
FFTH5 0 6TFFT (Fast Fourier Transform) M 
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«U P/S^S5 0 7T-tt^Jfi^^«L. fliifi 

5 0 STirifflLTgfSr-^ . 

[ 0 0 4 1 ] &{c, ELhco J: 3 tfl^fifc OFDMg 

msas^o f d m%mmmmmz->\ *xwmt& . 

fl. I FFT^402tI FFTflS^fu P/S^ji 
S4 0 3T"E?'M^^Jt§iX, D/A^mS4 0 4T" 
S^/P ■ r-^n^M^ix, E3£^HS4 0 5TE 

io m^fts, 

[0042] O F D Mgff ggt"«4, TV f~r 5 0 1 

^SflL^Sfift^i. lt^^5 0 2ttJ^TiEt 

$r«£:fu jsi sa^tffls 503 1 aj^j . 
[004 3] ii-c. OFDMfi^t;#jns^^DC^- 
7* 7 h&y^-r y r y -ttiLMz^xmssth . 0 

6Ji. OF DMf^^^ h/^^tit&i. 06 
i a ) ±R h - i - - .il$iL<.OP DMft° 

WX^^h^T&O. 06 (b) (4A/DS«#s5 0 4 
fcii 1, VC D C :* 7 * ■/ h *i#Jn § fife O F D Mft^X 
20 ^h^Tftfi. 06 (a) t^V^T. iHMfi^fiSO 
^7'Jr^yTSl~S5tfijyST^^T*3 0. 

5 ocD^7"^r ^ y 7&%%i'y#ivm*mtisth . - 

* 'J 7 S 6 fttf S 7 1 (iiMffiff 0 IT 
£>ft."f\ S 6St>"S 7^'"?;t/^^xtJ:|)M^-$:SMt" 
I.JtW-KAV^Mtl.. -f^h-ib. OFDM 

Hz (DC) ^4i^«SCtLT, <-XA>Kft^ 

l i^y#;hg<oa!» ( = f s ) ^oli^TlESSiiT^ 

30 

[ 0 0 4 4 ] 06 ( a ) lZ^tmm±. Jfjft»3EPS5 

o 3Kfcvvrjg«&S0^3*rc 3 f sfiWMWIt^ 

7 hZtlX A/D«5 0 4 ttiJ*§^. A/Dm®. 
I5 0 4^^t7tn^-f> i 

7'Jf-v iJ7tDC^7*7 bWJ^flJ. iOi -5 

t: . ofdm m^mmmm 5 03tfci^3f S 
^'ttfijf «iit^7 h ztitcmiz^ mmmm^5 0 3 

tA?J§tLl,iT3 f stli^tlW^^^ 
40 S6**DCKKfll3^S. Lfc^oT, DC^7-fe-yb 
**D C tES$*lfc^7-4f ^ UTS 6 fcttfiuSftT . O 
FDMff-^cOX^^ h;K406 ( b ) t^-fi 0 

£ 0 ff^'fJDST^tiTv^-^y^^yr 
si-s5ii m?M%>mm)mzw,mtiXY^ 

[004 5] i«06 ( b ) \Z^f7^ \-)V^th 
OFDMfI-^(4. S/Pmm5 0 5 T'M^Jfi^tC^ji 
FFT^5 0 6T"FFT^II$^. P/S^Mff 
5 0 7T'E?iJfi-^-^«§il, f!IS^5 0 8TfSM£fl 
50 Tgftf-^^W^ix^o 
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[0046] zm. o iz. ^mmmmiz xtia , o f 

D Mim$: O F D M%\mW)T~fuymUz7J)t& 

ff^'MD ST tfifciw^ y 7#s£ Lfci* 

ot. DC^b-yhSt^-v UrU-^t±Sb"-v h 
[0047]^, ±fEHSfe«®SB 1KS40FD Mil 

figs t mmmm 2c«sofd Mgfiiss t £ffl^ 

tffi § O F D Milff gg^'O F D Mfg^ * , ff^^'f lj 0 

utih x 3 izwmmnLxh^mtL, si«i2 
izmi o f d M^itmwtmmmm 1 k«s ofdm 

[0 048] itOj^fc, ISJftCOJ&JBlfcflteOFDM 

mi t mmmm 2cissofdm sftuM t £ *a 

ffi<Z ttfT% 4 f: f: fcfc, SfUBIfctSttSD 0*7-1= 
[ 0 0 4 9 ] ±fa#Slffi^Ssfc£^T{;L 

s^y^MfWit: 5 y r#*a;h.4*£(co 

^TiMWL^* 1 , ^Bjjii^tK^^ , mmmmz 



!f#f»2 0 0 2-44 048 
1 0 

[0050] 

d .7 h&y^ y 7 v-? iz x h t' -y hmm 
tun ^wn^mmmm itisoFD MMft i§§ 

[02 ] *^BJ5iO»t^mffi ltKOFD MBff^S 
hit® itfl^T d O F D MSftgg«S^&^7'n -y 
70 

[03] OFDMff^X^? WPSrll-fH 

[04 ] ««11«2CI« O F D MMfiigH 

[05] *lffl7jSlte7jMI 2CKOFD MMffSIS 
fc«t»ff 30FD M§ftgg«1f^7Kt7'0 -y 
70 

[06] OFDMif^-<7)X^^b;l/^^-r0 



102. 


4 0 2 


I FFTH 


10 4. 


5 0 3 




105. 


4 04 




1 0 (. . 


4 0 5 




2 0S, 


5 04 


A/D£5t»3S 


205, 


5 0 6 


F F Tf| 


207, 


5 08 





10 



[01 ] 
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